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Sea squirts are simple invertebrate chordates. In this issue ofDevelopmental Cell, Takatori et al. show nuclear
migration within ascidian mesendodermal cells enables polarized localization of NotmRNA, which encodes
a homeobox protein that distinguishes mesoderm from endoderm fates. The link between nuclear migration
and mRNA localization suggests exciting parallels with protostomes.Nucleus migrates
Mesoderm not endoderm
Delicious sea squirt
–Ilan Davis
As this haiku suggests, the sea squirt,
a saclike sessile underwater filter feeder,
is not only a culinary delight, but also an
important experimental system. Sea
squirt or sea pork is the common name
for ascidians, a subgroup of Tunicates or
Urochordates. While the stationary stage
of the life cycle lacks a well-developed
nervous system with neither head nor
tail, the migratory larval form has a more
typical chordate body plan with a head,
tail, and notochord, similar to a tadpole
in appearance. Because they are a non-
vertebrate outlier among chordates,
ascidians are a good model organism for
genomic studies and for developmental
biology. Indeed, ascidians have long
fascinated zoologists, perhaps partly for
their beauty, as exemplified by Haeckel,
the controversial German zoologist, who
drew interpretations of ascidians in his
book Kunstformen der Natur (See Fig-
ure 1). More recently, sea squirts have
been used to study some of the most
fundamental and oldest questions in de-
velopmental biology. In this issue, Taka-
tori et al. (2010) examine how distinct
germ layers arise during development
from a single cell.
InDrosophila,where fundamental ques-
tions about early patterning and develop-
ment have been studied in the greatest
detail, the early embryonic bodyplan is es-
tablished in the oocyte through mRNA
localization and translational regulation.
A variety of transcripts are localized, en-
coding many kinds of proteins, and,together with translational regulation,
allow the targeting of specific proteins to
their site of function (Martin and Ephrussi,
2009). While the specific transcripts that
are localized in flies are not conserved,
the machinery involved in localized
mRNA translation is conserved and like-
wise plays an important role in restricting
the distribution of protein function during
the establishment of the vertebrate
embryonic body plan (Palacios and
St Johnston, 2001).
Previously, it was known that mRNA
localization plays an important role in
ascidian development. Indeed, the first
example of specific mRNA localization
was found in sea squirts, namely actin
mRNA localization in the myoplasm. This
led to the proposal of a model in which
localized pools of maternal RNAs are a
means of selectively targeting messages
to particular cell lineages during embryo-
genesis (Jeffery et al., 1983). Subsequent
work has shown that there are many
localized transcripts in ascidians that
are important in specifyingcell fates. These
include Macho-1, which specifies muscle
formation (Nishida and Sawada, 2001),
and the zinc-finger protein HrzicN, which
is essential in neural tube and notochord
development (Wada and Saiga, 2002).
Armed with this knowledge, Takatori
et al. (2010) set out to tackle the funda-
mental question of how the different
germ layers are formed during embryonic
development. They used a morpholino
oligo screening strategy to inhibit the
translation of candidate genes and test
for effects on mesoderm and endoderm
specification. Interestingly, they discov-
ered that a knockdown of Not (a homeo-
box-containing transcription factor that
plays diverse roles in vertebrate dorsalDevelopmental Cell 19axial mesoderm and notochord develop-
ment [von Dassow et al., 1993; Yamanaka
et al., 2007]) leads to ectopic endodermal
gene expression and loss of mesodermal
gene expression. They then carried out
a carefully staged study of Not mRNA
localization in fixed material and discov-
ered that mesendodermal progenitor cells
undergo a progression involving nuclear
accumulation of the mRNA, followed by
nuclear migration and delivery of the
mRNA to one side of the cell. This
series of events culminates in cell division,
which segregates Not mRNA to one
daughter, the mesoderm progenitor cell.
The involvement of nuclear migration in
this process was unexpected. However,
as the authors point out, there is prece-
dent for nuclear migration occurring
together with mRNA localization during
dorso-ventral axis specification in flies.
Drosophila oocytes express gurken
mRNA,which encodes aTGF-alpha signal
that specifies dorsal identity to the over-
lying epithelial follicle cells. In this case
too, nuclear migration is closely linked to
mRNA localization. The difference is that,
in the case of gurken mRNA, its localiza-
tion acts to target protein signaling at
two different stages of oogenesis: before
and after nuclear migration. More gener-
ally, nuclear migration plays a crucial role
in many kinds of biological processes in
vertebrates and invertebrates, in the
nervous system and other tissues. The
work in sea squirts now raises exciting
possibilities in many other cases involving
nuclear migration, as yet undiscovered
localized mRNAs are also present and
associated with the migrating nucleus.
As is always the case with exciting new
scientific discoveries, more questions
are raised than answered. For example,, October 19, 2010 ª2010 Elsevier Inc. 487
Figure 1. Reproduction of a Color Plate Drawn and Interpreted by
the German Zoologist and Philosopher, Ernst Haeckel, in His Book
Kunstformen der Natur, Published in 1904
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nuclear migration in the as-
cidian embryo have long
been investigated (Hibino
et al., 1998), it now remains
to be determined how nuclear
migration is coordinated with
the delivery of Not mRNA.
In yeast, flies, and Xenopus
oocytes, mRNAs are ex-
ported from the nucleus,
transported by molecular
motors in a translationally
repressed state, and often
anchored locally. In the case
of Not mRNA, transport
appears to be far more inti-
mately associated with the
nucleus, but do the mecha-
nisms and factors that asso-
ciate Not mRNA with the
nucleus, regulate transcrip-
tion, and anchor it at its final
destination parallel those
found in the other systems?
The use of morpholinos is a
powerful tool to address the
functions of specific proteins,
but perhaps, above all, it will
be particularly exciting to
image the migration of the
nucleus and the transport of
Not mRNA in living ascidian
embryos. Certainly in the
other major systems used to
study mRNA localization and
localized translation, theability to follow the transcription and
movement of mRNA in living cells has
revolutionized our ability to dissect the
mechanism of these processes. Given488 Developmental Cell 19, October 19, 2010that GFP tags can be expressed in ascid-
ians (Zeller et al., 2006), Not mRNA could
be followed in real time using the MS2
system, which has proven so powerful inª2010 Elsevier Inc.other systems (Weil et al.,
2010). Combined with ex-
citing new developments in
advanced light microscopy,
such methods will allow the
dissection of the mechanism
and dynamics of transcrip-
tion, mRNA transport, and
nuclear migration.REFERENCES
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